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Y-RADUTIC«  ON  uOLIO  ^IhUID  JU-i'^iCNIA 
Yu«  A«  Sorokin  aad  S.  Ya«  PshtstMtskij 

▲s  is  known,  a  change  in  the  state  of  a  aubatanee  la  notletablY  sAnlfeated 
in  a  number  of  cases  during  rediochesdcal  r tactions.  The  differences  between 
the  gas  phase  and  the  liquid  phase  are  well-known,  but  the  differences  between 
the  liquid  and  solid  phases  are  less  known.  Howerer,  it  is  difficult  to  compare 
the  arailable,  limited  data  for  the  processes  in  these  phases,  for  exaaqple, 
for  radiol^sis  of  hydrocarbons,  because  these  investigations  have  been  carried 
out  for  the  moat  part  at  different  temperatures.  Therefore,  the  effects  obserred 
could  be  associated  both  with  the  differences  in  the  properties  of  the  liquid 
and  solid  phases  and  with  the  difference  in  the  rates  of  these  or  other  stages 
due  to  temperature  differences. 

fiTidently  the  effect  of  the  state  on  the  occurrence  of  radiochemical  processes 
is  interesting  to  investigate  first  of  all  at  a  small  temperatiire  difference. 

It  is  also  iii^ortant  that  the  reactions  are  not  complex  and  that  the  observable 
effects  can  be  correlated  with  a  change  in  the  conditions  for  particular  primary 
or  secondary  elementary  processes.  The  formation  of  hydras  ne  on  irradiation  of 
ammonia  is  such  a  reaction. 

be  investigated  ^hs  formation  of  hywrazine  in  liquid  and  solid  anaonia 
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•xpo«#d  to^jij-radiatio^’’ 


data  ara 

f»aa  tha  point  atf  aiaa  af  tba  eharaetarialiea  of  taa  affaet  of  tba  atata  of  tte 
proaaaa*^ 

damonla  was  irradiatad  la  quarta  aapulea  alth  a  Co^Sr-radiatloo  aourea  with 
an  aetlTlty  of  2  *  10^  curia.  Tba  radiation  intanai^  aariad  batwaan  S3  nA  790 
r/aae.  Tba  aagaituda  of  tba  abaorbad  anargy  naa  dataniaad  by  a  farroua  aulfata 
doainatar.  Tba  radiation  ,ariod  aaa  froa  1C  to  IO4  ntautaa. 

Aftar  irradiation  anmonia  vaa  ramorad  by  aaaporation.  ilydraalna  waa  dataminad 
by  tba  pbotocaloriaatrie  natbod  in  a  aolutioa  of  p-dinatbylaninobanzal^byda 
bydroeblorida.  Tba  accuracy  of  daten&ining  tba  bydraaina  by  tbia  natbod  vaa  of 
tba  order  of  10*^  ng/al. 

Tba  dap^ndanea  of  bydraaina  yield  on  tba  tanparatura  la  abova  in  fig.  1. 

Tba  bydraxina  yield  incra^^^ea  witb  a  drop  in  teaperatura  in  tba  liquid 
pbasa.  However,  tba  bydraxine  yield  falla  on  paaaing  tbrougb  tba  aolidification 
point  of  ammonia  (•  /8^);in  tba  aolid  pbaaa  tba  yiald  la  amaller  approxiaataly 
by  one  oraar  of  iiiagnituda  than  in  tba  liquid  pbaaa.  Tbarafora,  tba  tranaition 
from  tba  liquid  to  tba  aolid  atate  leads  to  a  jumplika  change  in  tba  bydraxine 
yield.  Tba  tenparatura  depeodance  of  tba  bydraxine  yiald  in  tba  liquid  pbaaa 
corresponds  to  an  activation  energy  of  kcal/sicla. 

Tba  observed  phase  effect  can  be  explained  by  tbe  ebange  in  conditions  for 
tba  formation  of  radicals. 

Apparently  tbe  main  reactions  leading  to  tba  formation  of  bydraxine  ara  tba 
following: 

1  VH  +  ” 

2*  NHt+NH,>^N,H4. 

NHh  NH,-h.N,H4. 

Tbe  concentration  of  radicals  depends  on  tba  reverse  recoacination  of 
hydrogen  atoms  wltb  *tbeir*  radicals.  Tba  moving  away  of  a  bydrogan  atom 
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from  radieiil  «a«i«r  Id  Xh0  liquid  thaa  la  tha  aolid  p^a.  Ttiia 

apparaatly  la  ona  of  tiia  raaaoas  for  tba  aora  affleiaat  fomatloa  of  kydraaiaa 
la  tba  liquid  pitaaa* 

Zf  aueli  aa  axplaaatloa  la  ralldi  thaa  aiqr  bydrogaa  aceaptor  ahould  laeraaaa 
tha  bydxaxlaa  ylald.  Tba  actloa  of  tha  aceaptor  la  tha  aolld  phaaa  ahould  ba 
atroagar  tbaa  la  tha  liquid  phaaa,  alaea  la  tha  liquid  phaaa,  oulag  to  tha  aaaiar 
"raaoral*  of  tha  hydrogan  atona  aa  compared  with  tha  aolld  phaaa,  tha  eaptura  of 
hydrogea  atona  hy  tha  aceaptcor  ahould  hara  a  amallar  affaet  oa  tha  yield* 

Va  earrlad  out  tha  axparlmaata  ^Ith  pro|iylaaa  aa  tha  acceptor  of  hydrogaa 
atojia,  Tha  reaulta  of  the  exparlmanta  ara  aho%m  la  Flga.  2  aiad  >*  la  order  to 
allaiaate  tha  effact  of  poaoibla  diatortloaa  of  tha  aolld  lattice  of  aiu&oala  hy 
tha  moleculaa  of  tha  acceptor,  exparlmaata  were  carried  out  almultaacoualy  with 
tha  badltloa  of  quaatltlea  of  propane,  which  la  aot  a  hydrogen  acceptor*  ha 
aaa  la  Jig.  2  that  tha  yield  of  hydrazine  Increa^aa  la  aolld  aioaoaia  with  aa 
iacraasiag  amount  of  propylene* 

Thud  tha  phase  effact  apparently,  primarily  Ilea  in  tha  fact  that  the  coadi* 


tloas  for  recombination  of  H  atoms  and  are  enaxiged.  Howerer,  tha  obaerred 
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affects  are  probably  not  due  entirely  to  this  cause* 
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Fig.  1.  haergy  yield  of  hydiuzlaa 
TS.  temperature*  Irradiation  time  4 
hr* 

.16 


Fig*  2*  hnergy  yield  of  hydrazine  ts* 
mol.  jl^  of  addition  ia  solid  pnaaa* 
Intensity  200  r/aac*  Irradiation  time 
4  hr*  Tamparatura  *  60^;  a*)  Propylaaa; 
b*)  propane 


a*)  lateaaity  1*2  •  10  er/g  •  sac; 

b*)  lateaaity  4*1  •  IcA^  ar/g  •  aac* 

hTldaatl^/  tha  diffareaea  in  tba  racombiaatlon  eoadltiona  of  tha  radicals 

Mltn  tha  formation  of  hydrazine  (aa  well  aa  for  tha  reaction  of  the  moleaulaa) 

ahould  also  be  of  Importance*  Tba  conditions  in  tha  liquid  phase  ara  apparently 
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morm  f«Tor4ibl#  not  o&ly  for  tho  forwtioo  of  rodioalt,  but  uloc  for  tbolr 
iatoractioDf  alneo  tbo  mobility  of  tboso  radicals  is  ssssatial  for  tbsir  rscom* 
biaation*  diuab  mobility  is  ab^at  ia  tbs  solid  stats*  As  cartaia  data  abou,  ia 
tbs  solid  pbass  proper  tbsrs  is  slatost  ao  rseombiaatioa  of  tbs  hXi^  radicals  aiod 
svsa  mors  so^  almost  no  rsaetioa  of  bH  radicals  with  U&y  It  is  accessary  to  aots 
tbat  a  lower  temperature  also  does  aot  promote  tbsse  reactioas*  This  follows 
frem  a  comparisoa  betweea  the  number  of  radicals  detezmiasd  by  tbs  sleetroa 
paramagnetic  resonance  method  in  solid  ammonium  and  tbs  amount  of  bydraxiae 
vbiob  was  fenmd  (Tabla  l)* 

TABIb  1 


Absorbed  energy, 

Number  of  particles 

buergy  yield  G, 

•▼/« 

per  1  g  bHj 

particlea/iOO  er 

Formation  of  radicals 

•),37-0.39  10*' 

0,53-0, 09- 10>* 

For^tion  of  hydraxina 

0,35-10»» 

_ a- 

As  tbs  data  snow,  tbs  yield  of  oydrazina  correaponda  in  ordar  of  magnitude 
to  tbe  amount  of  frozen  radicals.  This  shows  that  at  least  under  these  conditiozui 
there  is  Tirtually  no  rwsetion  in  the  solid  phase*  Apparently  it  proceeds  during 
thawing  of  the  Irradiated  samples  when  the  particles  acquire  a  certain  mobility* 

The  negative  temperature  dependezxce  of  hydrazine  formation  in  liquid  ammonia 
can  depend  on  rarious  reasons*  One  of  them  could  be  the  decomposition  of  hydrazine* 
Since  with  small  concentrations  of  it  the  absorption  of  radiation  by  the  hydrazine 
molecules  proper  is  negligible  in  comparison  with  the  absorption  by  aaisonia, 
the  decomposition  of  ku'^razine  should  occur  mainly  as  a  result  of  the  interaction 
with  the  intermediate  products  of  the  radiolysis  of  ammonia,  for  example  with  the 
KH2  or  bH  radicals*  3ueh  raaetiona  hare  a  tamparature  coefficient  due  to  the 
aetlration  energy  of  the  reaction  of  the  radicals  «ith  the  ^2^^  molecules  and, 
consequently,  the  reactions  »ill  be  sceelareted  by  a  tamparature  rise,  which  will 
lead  to  a  decrease  in  the  hydrazine  content* 
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Fig.  5*  Dcpaadcne*  of  tte  mutngjf 
yl«H  of  hydratlM  oa  tha  aol.  %  of  tba 
addition  in  the  liquid  phaaa.  Radiation 
intanaity  20C  r/aae.  Irradiation  tiina 
4  br.  1.)  t  »  —  I0*>  2.)  t  ■  —  55®»  . 
a.)  Propylanat  b.)  propaaa 


▲n  •xaniaetion  abowt  that  a  ccmbloatloa  of  hydraaina-formatlon  raaetio&a 
(for  axaopla,  raaetlon  2)  with  such  uydraxlna-dacompoaitioa  raaetlo&a  laada  to 
a  acaliaear  dapandanca  of  tba  hydraxl&a  eoneantratioa  oa  tba  euargjr  doae,  aud  wltb 
auffielautly  larga  anargy  doaaa  the  coacaatratloa  abould  acquire  a  ataady 
Talua  aa  a  raault  of  an  equalization  of  ita  formation  and  daeoa^oaition  rataa« 
HovcTari  tba  axpariaantal  dependancaa  (aee  Fig*  4)  ahowa  that  deriationa  from 


linearity  are  atill  not  obaerred  in  tba  range  of  tba  inreatigatad  doaaa. 

Fig*  4*  Dependence  of  the  bydrazina 
yield  on  tba  abaorbed  energy  of  Y  •  radi« 
ation*  1)  liquid  ambonia^  t  »  ~  15^1 

a*)  radiation  intanaity  1*17  *  10^^ 

aec:  b.)  radiation  intanaity  4«1  •  10“ 
ev/g  *  aec;  a  and  b,  axpoaura  ia  Tarieds 
constant  exposure,  intanaity  ia  ruriad« 

2o )  aolid  aiuDonia,  t  »  ~  19^^}  d*) 

radiation  intensity  I*l7  *  ICA^  aVd  * 
sec  ^  ezpoaura  ia  rariad* 

abaorbed 

Another  pos.»ible  cause  for  the  negative  temperature  dependence  can  be  due 


to  the  accelerated  diffusion  of  radicals  from  tba  tracks  aa  the  teiiq)erature 
increases  and  tbua  tbe  probability  of  reconbijoation  with  tba  fonnation  of  ^2^^ 
dsereasea.  ^ueb  macbr^niam  corresponds  to  tba  value  of  tbe  negative  affective 
activation  energy  of  the  order  of  >-*4  bcal/mbla* 


Yield  values  of  about  0. 2  molecules  per  100  ev  agree  in  order  of  magnitude 


vitb  tbe  value  previously  determined  by  one  of  ua  and  by  Ye.  T*  Bol*abun  and 
X.  A.  I^anikov  /!/  upon  irradiation  of  liquid  amaonia  by  fast  elactrona  (about 
STD-Tr-6t-838/l+2»4  -5- 


0.7  aolteul**  p«r  100  vv) 


fUAMJCki) 

1.  y.  T.  Bol'taua.  S.  Y».  P«n«x>fttly.  afid  t.  A,  WifttlitoT,» 
TIM  Itfftet  of  XoBislag  Bodiatloo  on  Znorgnnie  and  Organic  dyatona, 
Ati  awB,  p.  184,  1S30 
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